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MOTIVATION and OBJECTIVE

v" Industrial consumers may negotiate with retailers price and format of
the contracts they sign for supplying their energy needs

v Need for new mathematical tools for industrial consumers in
liberalized markets

v Development of a decision support model for contracting and
operation decisions in the medium term with the following features:

 Integrated tool: contract and operation optimization and price
generation modules

» Single to parameterize models
» Data easily available
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DETERMINISTIC APPROACH
General features

v" Minimization of the supply cost

v' Cogeneration
v' Steam boiler

v Contracts for energy supply
v Boiler and cogeneration operation
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DETERMINISTIC APPROACH

General features
Contracts and optima
energy manageme
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DETERMINISTIC APPROACH
Steam boiler

Steam
T Smoke T
v" Fuel oil consumption
v Operation cost per kg of fuel oil consumed
v' Yearly maintenance T T
: Air  Fuel Liquid
v Cost and time for startup and shutdown He water

v Input and output enthalpies
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DETERMINISTIC APPROACH
Cogeneration

v Natural gas consumption

v Operation cost per kWh of
electricity generated

v' Yearly maintenance

v Cost and time for startup and shutdown
v’ Temperature and pressure variations
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DETERMINISTIC APPROACH

Energy balance

Boiler

Heat recovery
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DETERMINISTIC APPROACH

Contracts
Fuel oil Electricity Price
N purchase sale 1 increment
Electricity *‘Natural gas
purchase = purchase
Fixed price volume
i R increment
F|Xed pnce per ................................................................ ] !
Period / volume
Contract for %
differences wrt spa v
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Z Spot price with Maximum price
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STOCHASTIC APPROACH
General features

v’ Limited in uncertainty modeling

v Allows to take decisions explicitly considering the parameter
uncertainty

v Price risk
v Quantity risk: system failure or demand fluctuations
v’ Other risks: credit and regulatory

]

Stochastic parameter: sale and purchase prices of
electricity, natural gas and fuel oll
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STOCHASTIC APPROACH
Uncertainty modeling

Period

electricity
prices

Root

N » Periods kl kQ kg k4 k5 k6

Months January February 4
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STOCHASTIC APPROACH
Uncertainty modeling

Contracts Operation

v

Root

Periods k1 kQ k3 k4 k5 k6

Months January February
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PRICE SCENARIO GENERATION

Industrial consumers
v" Electricity prices for load levels
v Monthly fuel prices

Independent
forecasting algorithms
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STOCHASTIC APPROACH
Risk neutral model

g
CT g
v' Contract cost for each scenario
v Maintenance cost for each scenario
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STOCHASTIC APPROACH
Risk neutral model

- Does not perform any risk management

- Multiobjective stochastic programming
« Balance among risk and expected cost

» Efficient frontier: set of optimal solutions

- POSSIBILITY OF HIGH COSTS
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STOCHASTIC APPROACH
Safety-first model

Maximum cost of the distribution

.................................

' I|m|ted to a safety level S |

probability

Maximum cost

cost
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STOCHASTIC APPROACH
Value at Risk (VaR) model

Maximum cost for a certain confidence level (¥

Expected cost
limited by the
risk aversion
parameter S
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NUMERICAL APPLICATION
Input data

Weekday/Producing Weekday/Stopped
Weekend/Producing Weekend/Stopped

DIAS Ene. Feb. Mar. Abr. May. Jun. Jul. Ago. Sep. Oct. Nov. Dic.

v' 5 fuel scenarios 10
v’ 3 electricity scenarios 1

v 12 purchase of electricity 2
v' 4 purchase of natural gas 24
v' 4 purchase of fuel oll 27
v’ 3 sale of electricity 0
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NUMERICAL APPLICATION
Size and solution

Deterministic Stochastic
Constraints 5.883 88.035
Variables 8.677 129.879
Binary 1.087 16.043
Non zero coef. 32.887 492.818

Boiler and cogeneration state | | ’
(last level branching)
([ ]
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NUMERICAL APPLICATION
Deterministic: Operation 1 scenario

v’ Performance: 55.1%, exports 65% of the output [ 1ec: Purch. [cCAqyh]

Sold or consumed quantities

Mes | Fueloil | Gas natural E* eléctrica E* eléctrica
[km”] vendida [MWh]
468.9 1196.9
458.3 1180.5 N N Jp
=30 EN TE s |5\/|c6)n7th8 5 1o 11 14
418.9 1066.5 A —— 21
440 .0 1120.5 _| Fuel oil [c€/kg],— /oes
320.2 843.1 N. Gas [c€/th 1.
332.8 879.7 .l 1.95
86.1 228.0 a1} 10
481.3 1146.5 o sl
500.8 1277.6 2 18
450.6 1146.5 &=
. 257.5 670.9
4728.3 12088. 4 I s T
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NUMERICAL APPLICATION
Deterministic: Contracts for the 15 scenarios

Objective

Scenario Elect. (purchase) Fuel oil Natural gas Elect. (sale) function
i S
_ _ 1 f 0.3 | 102405 827.3[658.0
- - 2 | 30.4 903.3 f754.0 1650.6
3 : 0.3 1002 gHo 17 B {565.0
4 f 0.3 - 827.3625.7
Electricity price: 5 0.3 979.6 216 5 5618.9
6 f 0.3 e b 1532.8
lows & o wiwesEs > 7 K 0.3 911.6 827.3[545.1
medium - > 8 0.3 - = 1539.4
high ... . . 9 0.3 G109 o iy 1454 .3
10 0.3 § 893.8 527.3
11 f 0.3 ¥ 894 .1 BB2UIT 1521.7
12 H 0.3 3 895 .4 918.8 1437.0
13 | 0.3 § 831.8 467.7
Low fuel prices 14 | 0.3 § a1 Bl 1462.9
15 E|___(_)_:_3_ ____________________ i 836.9 oig o f379.1
A A A A A A A 4
Fixed price S— Fixed price

Indexed fixed price

Contract for differences
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NUMERICAL APPLICATION
Stochastic: efficient frontier

v Obtaining the efficient frontier:
 Firstiteration: solve the risk neutral model to obtain max cost

« Remaining iterations (while the problem is feasible):
decrease the risk aversion parameter

v In each iteration we obtain:
e Optimal solutions for variables of both stages
 Different contract portfolios

v" Optimal solution for the first stage
v Optimal solution for the second stage only for the VaR scenario
v Drawbacks:

* Not always a different contract solution can be obtained when
diminishing the risk aversion parameter

» Optimal plant operation difficult to obtain (not included in the o.f.)
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NUMERICAL APPLICATION
Stochastic: Methodology to determine eff. frontier with VaR model

v Determine contracts (first stage variables)

v Determine operation (second stage variables)

1 \ \
| | | | | | |

0.97777777%777777%777777#} 777777 J 7777777 i,,,,,,fir 77777 7 VaR model

Probability
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| | | | | | |
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NUMERICAL APPLICATION

Stochastic: efficient frontier

Distribution function. Safety-first model

750

550

Scenario cost [KE]

[331] 1500 paoadx3

VaR\asg e een [kest [KE]

Fixed price contract

A
C

— ™
c c
© O
22
-
O O
v o

ESCUELA TECNICA SUPERIOR DE INGENIERIA
INSTITUTO DE INVESTIGACION TECNOLOGICA (IIT)

NTiF 4
KCADE S

@
OMILLA

M A D R I D

ERSIDAD

AL

C

Two Stage Stochastic Models for Contracting Decisions of an Industrial Consumer - 47



CONTENT

d Motivation and objective
U Deterministic approach
O Probabilistic approach
d Numerical application

d Conclusions

U Future developments

raVESIDAD PONTIEpy, , .
ical @ ICADE ESCUELA TECNICA SUPERIOR DE INGENIERIA

(,,:QN,,”!'L,A,,S INSTITUTO DE INVESTIGACION TECNOLOGICA (IT) Two Stage Stochastic Models for Contracting Decisions of an Industrial Consumer - 48




CONCLUSIONS

v The tool developed allows the consumers to:
» Decrement the energy bill
« Control the assumed risk
v Other applications:
* Retallers: analysis of new contracting possibilities
* Factory design

Solution time (*) | Risk management
Deterministic Reduced (20 s) Limited
Safety-first level Reasonable (6 h) | Powerful, low flexibility
VaR High (22 h) Powerful, high flexibility

(*) Pentium IV 3 GHz
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FUTURE DEVELOPMENTS

v Join optimization of several factories with interannual
contracts: multistage stochastic programming

v" Different plant configuration
v" New type of contracts

v Analysis of matrix structure
v' Decomposition techniques
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